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FOREOPDRD 

Hydraulic model studies for the design of the ~ a m b ~ o r d o  Dam 
Spillway and Stilling-pool were made by H. G. Dewey during the early 
part of 1936. Dtte to the pressure of work, the final report was not 
published unt i l  1948. Construction of the dam began i n  1936, and 
was completed in December 1937, after about 2 years of work. 
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diss ipat ion i n  the  s t i l l ing-basin over t h e  e n t i r e  range of discharge. 
This report describes the studies made t o  develop a s t ruc ture  f u l f i l l i n g  
these requirements, I 

I n  the t e s t s  on the open channel spillway, the  major portion of t h e  
study was devoted t o  the st i l l ing-basin,  four designs being. investigated. 
With each basin sever& s i l l  and s tep designs were studied. Tables 1, 2, 
and 3 summarize these t e s t s .  The designs were evaluated from the  appear- 
ance and locatiorl of the  jump and from the  scour in the  r i v e r  channel, 
The use of s teps  and sills was found t o  be advantageous since they both 
caused t h e  jump t o  move upstream i n  the  st i l l ing-basin,  Higher steps 
resul ted i n  a more upstream posit ion of t he  jump. Higher sllls also 
produced t h e  same resul t .  Movement of t he  Rehbock si l ls  up' or  downstre'am 
caused a l i k e  movement of the  jump. Rectangular sills placed at in ter-  
mediate posit ions i n  the  s t i l l ing-basin were found t o  be unsatisfactory. 

height gf t h e  downstream portion-of the  w a l l s  was 5 f e e t  greater  than 
the  o r ig ina l  design and the  remaining upstream portion 1 foot  gmater ,  

.+ This increase was necessary because of waves i n  the  st i l l ing-basin.  
• F i l l e t s  were used along a l l  w a l l  ana f l oo r  intersect ions  and extended 

upstream i n t o  the  lower sect ion of t he  chute, Riprap was found necessary 

w fnv *.he ri.verbed and sloping banks downstream from the pool t o  prevent 
q erosion by the flow leaving t h e  st i l l ing-basin.  Other features  of t h e  

spillway were unchanged from the  original design except t h a t  longer piers ,  
Figure 160, were recommended. 



Some d i s t u r b k c e  t o ' t h e  fiow was caused by the s p o i l  bank a t  t h e  upstream 
end of t h e  l e f t  s i d e  of  t h e  ent rance  channei, but t h e  bank was riot eroded 
by t h e  a c t i o n  of t h e  water ,  Flow over the  spi l lway c r e s t  was uniform, 
but i n  the chute downstream from t h e  p i e r s ,  t h e  water  su r face  was 
roughened from t h e  e f f e c t s  of t h r e e  f i n s ,  Two p i e r  des igns  were i n v e s t i -  
gated, Figure 16. The longer  p i e r  produced some improvement i n  t h e  flow 
down t h e  chute, Spil lway c a l i b r a t i o n  was made f o r  f r e e  flow over t h e  

vi. c res t ,  Figure 18, and water-surface p r o f i l e s ,  Figure 1'7, were taken 
throughout t h e  length  of  t h e  spi l lway sec t ion ,  

Since completion of  t h e  moael s taudies, oppor tun i t i e s  have been found 
t o  observe and photograph the  prototype spi l lway a t  flows up t o  42,000 
second-feet. The photographs show good agreement between model and 
prototype i n  t h e  appearance of t h e  water  su r face  a t  the  sp i l lway entrance, 
i n  t n e  sp i l lway chute, ar~d i n  the  s t i l l i ng -bas in ,  Figures 19 and 20, The 
ac t ion  of t h e  s t i l l i ng -bas in  i n  d i s s i p a t i n g  energy has proven s a t i s f a c t o r y  
i n  the  prototype, demonstrating t h e  value o f  t h e  model s t u d i e s ,  

INTRODUCTION I 

The dam, loca ted  i n  New bIexico, Figure 1, is  a r o l l e d  e a r t h  embankment 
s t zvc tu re  faced wi th  mck r iprap .  The major dimensions, Figure 2, are: 
c r e s t  l eng th  1,600 f e e t ,  maximum height  U9 f e e t ,  and th ickness  a t  base 
1,150 f e e t ,  The purpose of t h e  dam 1s t o  c o n t r o l  the  seasonal  f loods  of 
t h e  Pecos Rivcr a i d  t o  p ro t ide  a d d i ~ i o n a l  sqorage of  water t o  supplement 
t h a t  o f  t h e  kvalon and Mclwiillan Reszrvolrs  fcr  i r r i g a t i o n  of l ands  under 
t h e  Carlsbad I r r i g a t i o n  D i s t r i c t ,  The r e s e r v c i r  capaci ty  i s  157,000 
acre-feet  with r e se rvo i r  e l e v a t i c n  1275 f e e t ,  

An open-channel spi l lway and an o u t l e t  works provide f o r  d ischarge  
of water  from t h e  reservorr .  The o u t l e t  works, f o r  r e l e a s e  of  i r r i g a t i o n  
water, c o n s i s t s  of two 54-inch needle va lves  discharging ;ntu a s t i l l i n g -  
basin. Water i s  supplied t o  t h e  valves  by a t w n e l  through t h e  base of 
t h e  dam, The spi l lwa;~,  Figure 3, Is  loca ted  at  t h e  r i g h t  o r  west abutment. 
It i s  concrete-Uned with a h o r i z c n t a l  s t i l l i n g - b a s k  at t h e  lower end, 
Flow i s  con t ro l l ed  by t h r e e  21.- by L5-foot s t e e l  radiai gates .  M a h u m  
capac i ty  o f  t h e  sp i l lway i s  56?000 second-feet with r e s e r v o i r  e l eva t ion  
4279.7 f ee t .  

Hydraulic model s t u d i e s  were required f o r  s o l u t i o n  o f  t h e  problems 
presented i n  the  des lgn  of t h e  spi l lway and s t i l l i ng -bas in .  These t e s t s  . ' were necessary  because various f e a t u r e s  of flowc p a r t i c u l a r l y  the  per- 
formance o f  t h e  s t i l l i n g - b a s i n ,  could not  be evalua ted  by o t h e r  means, 
The s t u d i e s  were made us ing  a 1 t o  64 s c a l e  model of t h e  sp i l lway por t ion  
of t h e  dam, Flow, r ep resen ta t ive  o f  prototype operat ion,  was observed in 

J t h e  model f o r  seve ra l  suggested des lgns ,  The e f f i c i e n c y  of  t h e  s t i l l i n g -  
bas in  i n  d i s s i p a t i n g  energy w a s  Judged, in p a r t ,  by t h e  e ros ion  o f  the 
r i v e r  channel which was reproduced i n  coarse  gravel ,  The design which 
produced the  bes t  opera t ion  i n  t h e  model, was recommended ;or cons t ruc t ion  
i n  t h e  f i e l d .  



THE MODEL 

The model, Figure 4, b u i l t  t o  a s c a l e  of 1 t o  6h.  included t h e  

channel downstream from t h e  basin. The sp i l lway  c r e s t  was made o f  . - concrete screeded t o  metal templa tes  and was a t tached t o  one end of a 
I 

wooden headbox l i n e d  with s h e e t  i ron .  A wooden chute connected t h e  c r e s t  
t o  the  t a i l b o x  which contained t h e  s t i l l i n g - b a s i n  and a por t ion  of  the 

C' ) r i v e r  channel. The t a i lbox ,  s t eps ,  sills, and bas in  were of wood con- 
s t r u c t i o n .  Sand and gravel  were used t o  reproduce t h e  r i v e r  channel 
downstream from the  s t i l l i ng -bas in .  Model d ischarges  were measured by a 
V.-notch weir and point  gages were used t o  determine t h e  r e s e r v o i r  and 
t a i l w a t e r  e levat ions .  

I n  t h e  cons t ruc t ion  of  t h e  model, t h e  t o t a l  v e r t i c a l  f a l l  of t h e  
sp i l lway chute was increased  by 16  f e e t ,  prototype, This  was necessary  
t o  overcome t h e  g r e a t e r  f r i c t i o n  l o s s  in t h e  model r e s u l t i n g  from 
excessive m d e l  roughness? s i n c e  with a small s c a l e  model it i s  not  
poss ib le  t o  make t n e  model smooth enough t o  r ep resen t  t h e  prototype sur- 
face. The r e s u l t i n g  increased  slope compensated f o r  the  .grea ter  model 
l o s s e s ,  t h u s  providing t h e  proper  v e l o c i t y  and consequently t h e  proper  

I n  the i n v e s t i g a t i o n  of  t h e  s t i l l i ng - -bas in  e x ~ u n s i v e  t e s t s  were run 
t o  ob ta in  a design r e s u l t i n g  i n  s a t i s f a c t o r y  energy d i s s i p a t i o n  with t h e  
most economical s t r u c t u r e .  Five b a s i c  s t i l l i n g - b a s i n  des igns  were 
studied,  d i f f e r i n g  only  i n  l eng th  of f l o o r  o r  t raining-walls .  I n  t h e  
o r i g i n a l  s t i l l i ng -bas in ,  Figure %, t h e  l e n g t h  o f  t h e  apron f l o o r  and 
r i g h t  t raining-wall  w a s  135 f e e t ,  t h e  l eng th  of the l e f t  t ra in ing-wal l  
was 125 f e e t ,  and the f l o o r  w a s  at e l eva t ion  4118. I n  t h e  second design,  
Figure 513, t h e  l eng th  of t h e  apron f l o o r  w a s  167 f e e t  while the  t r a i n i n g -  
w a l l  l eng ths  remained a s  i n  t h e  o r i g i n a l  des ign .  The t h i r d  s t i l l i n g -  
basin,  Figure 5C, had t ra in ing-wal ls  and apron f l o o r  o f  equal  lengths ,  
135 f e e t ,  I n  t h e  four th  design, Figure 5D, t h e  length  of t h e  apron f l o o r  
was 135 f e e t  and the  l e n g t h  of the  t raining-walls  was 124 f e e t  8 inches. 
F i l l e t s  were added t o  the corners  of t h e  pool  formed by t h e  f l o o r  and 
s i d e  w a l l s  and i n  t h e  corners  of t h e  chute upstream from the steps.  
The f i n a l  s t i l l i ng -bas in ,  Figure 5E;, &lau apron f l o o r  and training-walls  
124 f e e t  8 inches  i n  length ,  f i l l e t s  were the  same as i n  t h e  previous 
design. .' 

bar ious  s t e p  and s i l l  designs,  Figures 6 and 7 ,  were inves t iga ted  
with t h e  d i f f e r e n t  s t i l l i n g - b a s i n s  and t h e  t e s t s  a r e  summarized in 

Y 
Tables 1, 2, and 3. These t a b l e s  show t.he s t e p  and sil l  combinations . . . .  . . . I 

For the  maximum spillviay discharge of  56,000 second-feet, normal 
t a i l w a t e r  w a s  a t  e l eva t ion  4163. The t a i l w a t e r  versus  d ischarge  curve 
is shown i n  Figure 18. This t a i l w a t e r  curve does not  agree wi th  t h e  

3 



it served s a t i s f a c t o r i l y  f o r  t h e  model s t u d i e s  and was t h e  b e s t  a v a i l a b l e  
a t  t he  time of  t h e  t e s t s .  

Three c r i t e r i a  were used in juuging t h e  s t i l l i n g - b a s i n  e f f ic iency:  
a .  (1 )  l o c a t i o n  o f  t h e  jump i n  t h e  basin;  (2)  depth  of  scour  i n  t h e  r i v e r  

channel;  and (3 )  i n t e n s i t y  of s i d e  eddy i n  t h e  dezd water  a r e a  of  t h e  
r i v e r  channel between the  end of t h e  s t i l l i n g - b a s i n  and t h e  l e f t  riverbank. 

r !  The e f f e c t  of t h e  s i l l ,  s tep ,  and b a s i n  designs on t h e s e  c r i t e r i a  a r e  
discussed under separa te  headings. 

Xffect  of S t e m  and S i l l s  on Location of J U ~ Q  

It was found t h a t  s t e p s  loca ted  a t  t h e  upstream end of t h e  
s t i l l i n g - b a s i n  r e s u l t e d  i n  t h e  jump forming f a r t h e r  upstream. T e s t s  1, 
2, and 3, Table 1, were made without s i l l s  a t  t h e  downs~ream end o f  t h e  
pool. The Steps  A, B, and C used i n  t h e s e  t e s t s ,  Figure 6, demonstrated 
t h a t  h igher  s t eps  caused a more upstream jump loca t ion .  The model 
prepara tory  f o r  Tes t  1 i s  shown i n  Figure 9. I n  t h i s  t e s t  t h e  s t a r t  of  
t h e  jump formed j u s t  downstream from t h e  s t eps ,  Figure 10A, and t h e  water  
su r face  w a s  v e r j  rough, Scour, F igure  10B, was excess ive  nea r  t h e  end of 
t h e  apron, 

I n  T e s t s  4 through 22, S teps  A, C, D, and E were used with end s i l l s  
a t  t h e  downstream end of  t h e  s t i l l i r . \g-basin.  The r e l a t i o n  of s t e p  he igh t  
t o  jump l o c a t i o n  was found t o  be t h e  same with t h e  s i l l  as without ,  In 
Test  8, S teps  F a l t e r n a t e d  with S teps  D v s r e  u n s a t i s f a c t o r y  s i n c e  t h e y  
formed a n e a r l y  s o l i d  s t e p  which deflectel!, t h e  J e t  o f f  t h e  apron f l o o r  
causing t h e  jump t o  be too  f a r  downstream. Spreaders ,  Figure 8, i n  t h e  
chute,  Tes t  9 ,  cont r ibuted  l i t t l e  t o  t h e  performance of t h e  s t i l l i n g -  
basin. 

Tes t s  3 through 22 employed va r ious  end sills,  Figure 7. The double 
l e t t e r  s i l l  des ignat ions  i n  Tables  1, 2, and 3 r e f e r  t o  s i l l s  made up of 
two p a r t s .  ?or  example, i n  Tes t  4, S i l l  A 1  r e s u l t e d  from p lac ing  S i l l  .I 
on rec t angu la r  S i l l  1. 

A s  with the  s t e p s  t h e  h ighe r  s i l l s  moved t h e  jump f a r t h e r  upstream, 
Two sill l o c a t i o n s  were inves t iga t ed ,  one 120 f e e t  downstream from t h e  
s t e p s  arid t h e  o t h e r  l l 0  f e e t  downstream. The upstream s i l l  p o s i t i o n  moved 
t h e  jump upstream 10 f e e t  f a r t h e r  than t h e  downstream p o s i t i o n  i n d i c a t i n g  
t h a t  t h e  jump l o c a t i o n  va r i ed  d i r e c t l y  wi th  t h e  sill pos i t ion .  Tes t  1.3, 
Figures 11 and la, gave a f a i r l y  s a t i s f a c t o r y  jump loca t ion ,  bu t  t h e  

t. 
in te rmedia te  r ec t angu la r  s i l l s  i n  Tes t  14,  Figure 12B, were u n s a t i s f a c t o r y  
s i n c e  t h e  jump was uns t ab le  and t o o  high. 

The t e s t s  demonstrated t h a t  use of s t e p s  with t h e  end sill caused t h e  
Y jump t o  m v e  upstream, with S t e p  E and S i l l  F10, Tes t  22, F igures  13 and 

l.4, being t h e  most e f f e c t i v e ,  



I n  Tests  1 through 9 with t he  o r i g ina l  apron design, a  l a rge  eddy 
was present  between the  l e f t  riverbank and the  end of the s t i l l ing-bas in .  
S i l l s  a t  the downstream end of  the apron reduced t h e  eddy somewhat, 

r a  probably because of the  lower ve loc i ty  a t  the  end of t h e  apron. Extension 
of t h e  l e f t  training-wall t o  135 f e e t  i n  t he  t h i r d  s t i l l ing-bas in  design 
reduced the  eddy t o  negl ig ible  proportions. Shortening t h e  training-walls 

N !  t o  124 f e e t  8 inches caused an increase  i n  t he  eddy velocity,  but higher 
s teps  and si l ls  corrected t h i s  condition by moving t he  jump upslream. 
Thus, two of  t h e  f a c to r s  influencing t h e  eddy were t he  length  of t he  left 
training-wall and the  pos i t ion  of t h e  jump, 

Ef fec t  of Apron Desinn on Riverbed Erosion 

The erosion of t he  riverbed was observed f o r  t h e  t e s t s  indicated in 
Tables 1, 2, and 3. klith the  o r i g ina l  apron design without s i l l s ,  t h e  
scour was heavy, Figure 10B. The r i g h t  riverbank was of sheet  metdl and 
remained i n t a c t ,  but t h e  l e f t  bank of sand was completely washed away. 
There was a lso  a tendency t o  undermine the  end of t h e  apron. 

S i l l s  a t  the  downstream end of t h e  bas in  reduced t h e  scour by moving 
the  jump upstream in to  the  s t i l l ing-bas in .  Higher s i l l s  resu l t ed  i n  l e s s  
scour. The upstream s i l l  posi t ion gave l e s s  scour than t h e  downstream 
posi t ion s ince  t he  jump was f a r t h e r  upstream. Since the  s i d e  eddy 
contributed t o  the  r iverbed erosion i t s  reduction by t h e  use of s i l ls  o r  
longer l e f t  t raining-wall  a l so  reduced t h e  overall. scour, 

I n  Test 13, the  en t i r e  r i v e r  channel was reproduced with coarse 
gravel, Figure I l A .  Scour w a s  s l i g h t  with t h i s  design, Figure 11B,  s ince  
the end s i l l s  and longer  l e f t  training-wall resul ted  i n  very l i t t l e  s ide  
eddy and lower ve loc i t i e s  i n  t h e  r i v e r  channel and a l so  because o f  heavy 
gravel, 

Recommended S t  i 1 l i n ~ - b a s i n  Desiml 

The e f f e c t s  of t he  pa r t s  of t he  s t i l l ing-bas in  on i t s  overa l l  
e f f i c iency  was used t o  determine the  recommended design. This s t i l l i n g -  
basin, Figure 5E, used Step E with a height of  8 f ee t  and S i l l  F10 with 
a height  of 10 fee t .  The s i l l  was located 110 f e e t  downstream from t h e  
steps.  Use of the  high steps and s i l l s  with the sil l  i n  an upstream 
posit ion,  made possible a r e l a t i ve ly  s t v t  s t i l l ing-bas in ,  124 f e e t  
8 inches i n  length. 

. ' 
I n  the f i n a l  t e s t s ,  sheet  meta l  was agzin used t o  represent  t he  

r i gh t  riverbank a s  shown i n  Figure 13A. The jump loca t ion  a n d s t i l l i n g -  
. . pool ac t ion  were sa t i s fac to ry ,  Figure 13B shows operation a t  28,000 

second-feet with corresponding t a i lwa te r  e levat ion 15_57,2 f ee t .  After  
one and one-fourth hours of operation a t  t h i s  discharge t he  photograph, 
Figure 114, was taken. Besulting erosion was s l igh t .  Scour showed some 
increase  a f t e r  1 hour operating a t  56,000 second-feet, Figure 1@, but 
was s t i l l  sa t is factory .  



were taken a t  m d n u m  discharge w i t h  t a i l w a t e r -  e l eva t ion  4163 9 -  Figure 15.  
Riverbed topography was a l s o  measured a f t e r  75 and 150 minutes of  model 
 pera at ion a t  m a h u m  discharge of 56,900 second-feet, These r e s u l t s  a r e  
e l s o  p l o t t e d  on Figure 15. 

8 .  

SPILLWAY STUDIES 

Entrance 

Flow i n  t4he entrance channel of t h e  sp i l lway  was inves t iga ted  i n  t h e  
model. Of p r inz ry  concern i n  t h i s  sec t ion  was t h e  s p o i l  bank, Figure 2 ,  
on t h e  l e f t  s i d e  o f  t h e  upstream end o f  t h e  ent rance  channel, To determine 
t h e  e f f e c t  of the  v e l o c i t y  of approach on the  s t a b i l i t y  of t h e  bank, it 
was ncdeled with gravel  of a s i z e  bel ieved t o  be r ep resen ta t ive  of t h e  
prototype m a t e r i a l  and t e s t e d  f o r  a discharge of  56,000 second-feet. 
Continued opera t ion  a t  t h i s  maximum discharge d id  not  produce measurable 
bank eros ion ,  i n d i c a t i n g  t h e  o r i g i n a l  des ign  t o  be s a t i s f a c t o r y  i n  t h i s  
respect .  The water  sur face  was rough a t  t h e  upstream end of t h e  bank, but . 
became smooth before reaching t h e  c r e s t  of t h e  spillway. Flow a t  t h e  
r i g h t  bank of  t h e  ent rance  channel was smooth and t h e  o r i g i n a l  design was 
recommended without a l t e r a t i o n s .  

Crest and S ~ i l l w a v  

S tud ies  or, t he  sp i l lway  c r e s t  with the  o r i g i n d  p i e r  design, 
Figure 1 6 ~ ,  showed flow over t h e  c r e s t  t o  be smooth, but downstream from 
t h e  p i e r s  t h e  water  sur face  becar?e roilgh wi th  a gsez te r  concent ra t ion  of  
flow i n  t h e  c e n t r a l  por t ion  o f  t h e  chute. The rough water  su r face  was 
made up of t h r e e  f i n s  vdlich formed a t  t h e  beginning of t h e  s t e e p  sec t ion  
of t h e  chute. From t h e  appearance of  t h e  water  sur face  it was bel ieved 
the  p i e r s  cont r ibuted  t o  t h e  f i n  formation, 

A longer  p i e r ,  Figure lbB, was i n s t a l l e d  r ep lac ing  t h e  o r i g i n a l  
design. This  p i e r  was expected t o  smooth t h e  water  su r face  by reducing 
t h e  he ight  of  t h e  f i n s  but  ope ra t ion  ind ica tgd  t h a t  t h e  condi t ion  was not 
improved appreciably. Information a v a i l a b l e  s i n c e  t h e  model t e s t s  
ind ica ted  t h a t  o t h e r  f a c t o r s  i n  a d d i t i o n  t o  t h e  p i e r s ,  cont r ibuted  t o  the  
formation o f  t h e  f i n s  i n  t h e  chute. Two f e a t u r e s  of t h e  sp i l lway now 
believed p a r t l y  responsible f o r  causing t h e  f i n s  are: (1)  t h e  n e a r l y  
hor i zon ta l  sp i l lway sec t ion  j u s t  below t h e  c r e s t ;  and (2)  t h e  convergence 
of t h e  t ra in ing-wal ls  i n  t h e  sane region. 

To check t h e  t ra in ing-wal l  design, water-surface p r o f i l e s ,  Figure 17, 
were obtained f o r  t h e  maximum discharge of  56,000 second-feet. The 
measurements were made from t h e  upstream end o f  t h e  entrance channel t o  

8 t h e  s t i l l i n g - b a s i n  along each t ra in ing-wal l  and i n  t h e  cen te r  of t h e  
spi l lway.  These p r o f i l e s  a r e  shown i n  Figure 17. 



The spillway was cal ibrated f o r  f r ee  flow over the crest .  Discharges 
over the spillway were measured with a V-notch weir and the  corresponding 
reservoir  elevation was read with a point gage. The data  thus obtained 

L '  were plot ted giving the curve of reservoir  head versus spillway discharge, 
Figure 18. A curve of  discharge coeff ic ient  versus head and the t a i l -  
water curve used i n  the  s t i l l ing-basin design are also shown i n  the figure. 

\ - - 
Model-~rototvue Corn~a r i so~  

Two photographs of the  prototype operation are  presented i n  t h i s  
report  together with the corresponding model photographs. Flow entering 
the model spillway i s  shown i n  Figure l9A with the prototype act ion shorm 
i n  Figure 19B. Very close s imi la r i ty  i s  shown in the  rough water surface 
caused by the interference of the spo i l  bank on the  l e f t  s ide of t he  
entrance channel, Figure 20 shows model and prototype flow i n  the sp i l l -  
way chute. The s imi la r i ty  of performance i s  again evident. The th ree  
f i n s  are present, but t h e i r  magnitude i n  tl-0 prototype i s  greater  than 
indicated by the model, probably due t o  i n su f f l a t i on  of a i r  a t  the  higher 
ve loc i t ies  i n  the prototype. 





Table 2 

SUMMARY OF STILLING-BASIN TESTS 
F i r s t  Revision 

End s i l l  
D i s t .  from 

Test  No. Step No, No. s t e p  Hisc, Results  

10  C B 120 ' . - Jump too f a r  downstream, but upstream f a r t he r  
than t e s t s  without s i l l .  filoderate scour i n  * 

r i ve r  channel. 
11. D B 120 1 - Jump loca t ion  s l i g h t l y  upstream over Test  10. 

. ~ 
Second Revision 

End s i l l  
D i s t .  f r m  

- Test No. S t e ~  No. No. st e~ Misc . Results  
, 

1 2  C -& 120 I - Jump loca t ion  best ye t  at tained.  Eddy a t  l e f t  
bank now ne ~ l i n i b l e  . 

13 A A4 120' - Conditions changed very l i t t l e  from Test 12. 
Scour l e s s  than any of previous t e s t s .  

14 A a4 120 I 3 in te r -  Jump unsat is factory  because unstable. Scour 
mediate s l i g h t ,  
s i l l s  
i n s t a l l e d  

1 5  A' A2, 3, 1101, 120'' - Jump f a r t h e r  downstream with lower sills and 
4,  5 with downstream posi t ion of sill. Scar r  sli&t. 

16  A C2, 3, 1101, 120' Results p r ac t i c a l l y  t he  same a s  Test  15, 
4,  5 

17 A c5 1 ' F i l l e t s  i n  Higher s teps  resul ted  i n  t h e  jump being f a r t h e r  
C pool and upstream as  with the  higher sills. Scour 
D lower end s l i g h t ,  
E of chute 

18 E F7, 8, 1101, 120' F i l l e t s  i n  Higher s i l l s  resul ted  i n  t he  jump being f a r t h e r  
9, 10 pool and upstream a s  i n  Tests  15  and 16. Scour s l igh t .  

lower end 
of chute 
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DIMENSIONS OF STEPS 

*IN SPACES BETWEEN STEPS 

PLAN -STEP D Loco f ion, number, widfh, and 
spacing o f sf eps A ,  B, C, 
and E same as step D. 

P R O F I L E  END VIEW 

A L AMOGORDO DAM 
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FIGURE 7 
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Figure 9 

Original Design - T e d  1- 

ALAMOGaRDO DAM, 1 6 4  MODET, 



Figure 10 

A. Discharge 56,000 secod-feet  . Tailwater 4163 f e e t .  

I B. *our affer 2 hrs. operation at  56,000 second-feet . 
TEST 1 - A L A M ~ C W D O  DAM, 1:64 MODEL 



A .  River cha~lnel before operating. 

13. Scour after  1 hr . operaticn at 56,000 second-feet . 
EST 13 - ALAMCGORDO DM, 1 : S k  MODEL 



A. Test 13 Discharge 56,000 aecond-feet . 
Tailwater 4163 feet. 

Test 14 Di echarge 56,000 second-feet . 
Tailwater 4163 feet. 



Figure 13 

A. River channel before operating. 

B. Diecherge 28,000 eecond- fee t .  Tailweter 4157.2 feet. 

TEST 22 - ALAMCGORDO DAM, 1:64 MODEL 



4.. Scow a f t e r  1 hr . operat ion at 28,000 eecond-feet . 

TEST 22 - U E O R D O  DAM, 1:64 MODEL 
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Figure 19 

A .  Model discharge of 56,000 second-feet. 

B . Prototype of d i  echarge of h2,000 aecond-feet . 

ALAb1CGCRDO DAM .. MODEL-PRCTMYFE 
C O M P M I S j i r  OF FLOW ENT!BING S'ILIJWAY 




